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TI Protein kinase C inhibits epidermal growth 

factor receptor phosphorylation in enterocytes 
AU Summers S T (Reprint) ; Bass B L 

CS VET ADM MED CTR, DEPT SURG, BALTIMORE, MD 21201 (Reprint); UNIV M7VRYLAND, 

SCH MED, BALTIMORE, MD 21201 
CYA USA 

SO JOURNAL OF SURGICAL RESEARCH, (APR 1997) Vol. 69, No. 1, pp. 208-211. 

Publisher: ACADEMIC PRESS INC JNL-COMP SUBSCRIPTIONS, 525 B ST, STE 1900, 

SAN DIEGO, CA 92101-4495. 

ISSN: 0022-4804. 
DT Article; Journal 
FS LIFE 
LA English 

REC Reference Count: 20 

AB Epidermal growth factor (EGF) is an important proliferative signal in 

the gastrointestinal tract. The EGF receptor (EGFr) , which 
transduces the mitogenic stimulus to the cell, may be regulated by a 
number of factors including extracellular matrix, cell-cell contact, and 
other peptides. As protein kinase C (PK-C) has been shown to 

phosphorylate 

and down-regulate the EGFr in certain tumor cell lines, we 
propose that PK-C, an important regulatory enzyme, modulates the 
phosphorylation of the EGFr in the lEC 6 rat enterocyte cell 
line. lEC 6 cells were cultured in dishes with Dulbecco ' s modified 
Eagle's 

medium, (DMEM)/5% fetal bovine serum (FBS), which was changed to DMEM/1% 
FBS 24 in prior to all experiments. Cells (three dishes per group) were 
treated with th.e PK-C activating phorbol ester phorbol-12-myristate-13- 
acetate (PMA) (100 nM) or vehicle for 1 hr and challenged with EGF (50 
ng/mi) or vehicle for 15 min. Cell lysates were then prepared EGFr 
tyrosine phosphoirylation was determined by 
immunoprecipitating the EGFr and immunoblotting with an 
antibody against phosphotyrosine, EGFr apparent 

molecular weight was assessed in the same lysates by Western blot with an 
anti-EGFr antibody. Blots were analyzed by computer 

densitometry. Data are expressed as mean +/- SEM; n = 3 with P value 
determined by t test. Exposure of cells to PMA resulted in a decrease in 
the EGF-stimulated EGFr phosphotyrosine content from 96 +/- 5 U 
in control to 66 +/- 6 U in PMA (P < 0.01). The amount of receptor did 

not 

change, 43 +/- 3 U in control vs 44 t 3 U in PMA (P = 0.44) . Further, 
exposure to PMA in the absence of EGF caused a gel shift of the 
EGFr band consistent with a nontyrosine phosphorylation of the 
protein. We demonstrate that activation of PKC results in a modification 
of the EGFr coincident with inhibition of EGF-stimulated 

receptor tyrosine kinase activity. These data support a role for PR-C in 
the regulation of EG; Fr function and hence modulation of mitogenic 
signals 

in enterocytes. (C) 1997 Academic Press. 
CC SURGERY 

STP Keywords Plus (R) : INTESTINAL EPITHELIAL-CELLS; RAT SMALL-INTESTINE; 
PROLIFERATION; DEGRADATION; EXPRESSION 
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ANSWER 1 OF 6 MEDLINE . 
1999194218 MEDLINE 
99194218 

Eradication of established tumors by a fully human monoclonal 
antibody to the epidermal growth 

factor receptor without concomitant chemotherapy. 

Yang X D; Jia X C; Corvalan J R; Wang P; Davis C G; Jakobovits A 

Abgenix, Inc., Fremont, California 94555, USA., yang_xd@abgenix.com 

CANCER RESE7VRCH, (1999 Mar 15) 59 (6) 1236-43. 

Journal code: CNF. ISSN: 0008-5472. 

United States 

Journal; Article; {JOURNAL ARTICLE) 
English 

Priority Journals; Cancer Journals 
199906 
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AB A fully human IgG2kappa monoclonal antibody (MAb) , E7.6.3, 

specific to the human epidermal growth factor (EGF) receptor (EGFr 

) was generated from human antibody-producing XenoMouse strains 

engineered to be deficient in mouse antibody production and to 

contain the majority of the human antibody gene repertoire on 

megabase-sized fragments from the human heavy and kappa light chain loci. 

The E7.6.3 I^lAb exhibits high affinity (KD = 5 x lO(-ll) M) to 

the receptor, blocks completely the binding of both EGF and transforming 

growth factor alpha (TGF-a) to various EGFr-expressing human 

carcinoma cell lines, and abolishes EGF-dependent cell activation, 

including EGFr tyrosine phosphorylation, 

increased extracellular acidification rate, and cell proliferation. The 
antibody (0.2 mg i.p. twice a week for 3 weeks) prevents 

completely the formation of human epidermoid carcinoma A431 xenografts in 
athymic mice. More importantly, the administration of E7.6.3 without 
concomitant chemotherapy results in complete eradication of established 
tumors, as large as 1.2 cm3 . Tumor eradication of A431 xenografts was 
achieved in nearly all of the mice treated with total E7.6.3 doses as low 
as 3 mg, administered over the course of 3 weeks, and a total dose of 0.6 
mg led to tumor elimination in 65% of the mice. No tumor recurrence was 
observed for more than 8 months after the last antibody 

injection, which further indicated complete tumor cell elimination by the 
antibody. The potency of E7.6.3 in eradicating well-established 
tumors without concomitant chemotherapy indicates its potential as a 
monotherapeutic agent for the treatment of multiple EGFr 
-expressing human solid tumors, including those for which no effective 
chemotherapy is available. Being a fully human antibody, E7.6.3 
is expected to exhibit minimal immunogenicity and a longer half-life as 
compared with mouse or mouse-derivatized M7\bs, thus allowing repeated 
antibody administration, including in immunocompetent patients. 
These results suggest E7.6.3 as a good candidate for assessing the full 
therapeutic potential of anti-EGFr antibody in the 
therapy of multiple patient populations with EGFr-expressing 
solid tumors. 
CT Check Tags: Animal; Human; Male 

♦Antibodies, Monoclonal: TU, therapeutic use 

Antibody Affinity 
*IgG: TU, therapeutic use 

Immunotherapy 

Mice 

Mice, Inbred BALE C 
Mice, Nude 

Neoplasm Transplantation 

Neoplasms, Experimental: PA, pathology 

Neoplasms, Experimental: PC, prevention & control 
^Neoplasms, Experimental: TH, therapy 
*Receptor, Epidermal Growth Factor: IM, immunology 

Transplantation, Heterologous 
CN EC 2.7.11.- (Receptor, Epidermal Growth Factor); 0 (Antibodies, 
Monoclonal); 0. (IgG) 

L9 ANSWER 2 OF 6 MEDLINE 

AN 95032 035 MEDLINE 

DN 95032035 

TI Nuclear localization of pl85neu tyrosine kinase and its association with 

transcriptional transactivation . 

AU Xie Y; Hung M C 

CS Department of Tumor Biology, University of Texas M. D. Anderson Cancer 
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Center, Houston 77030. 
NC CA58880 (NCI) 
CA60856 (NCI) 

SO BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS, (1994 Sep 30) 203 
(3) 

1589-98. 

Journal code: 9Y8. ISSN; 0006-291X. 
CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 
LA English. 

FS Priority Journals; Cancer Journals 
EM 199501 

AB The rat neu protooncogene encodes a 185 kD transmembrane protein 
(pl85neu), which is a member of the epidermal growth 
factor receptor (EGFr) family. In searching 

for the signaling transducer of pl85neu. by using a two-hybrid selection 
system, we found, surprisingly, that the cytoplasmic domain of pl85neu, 
when fused to the DNA-binding domain of GAL4 (amino acids 1-147), 
functioned as a transcriptional activator. We subsequently observed 
nuclear localization of pl85neu Interestingly, nuclear pl85neu has a 

much 

higher extent of tyrosine phosphorylation than its 

nonnuclear counterpart. Our results suggest that a transmembrane receptor 
tyrosine kinase may enter the nucleus and be involved in transcriptional 
activation. This novel finding unveils a clue in the understanding of the 
mechanism of receptor tyrosine kinase-mediated signal transduction. 
CT Check Tags: Animal; Support, Non-U. S.* Gov't; Support, U.S. Gov't, P.H.S. 

Cell Line 
*Cell Nucleus: ME, metabolism 

Fluorescent Antibody Technique 

Fungal Proteins: BI, biosynthesis 

Fungal Proteins: ME, metabolism 
*Gene Expression Regulation 
*Genes, erbB-2 

Plasmids 

Promoter Regions (Genetics) 
Protein-Tyrosine Kinase: AN, analysis 
Protein-Tyrosine Kinase: BI, biosynthesis 
*Protein-Tyrosine Kinase: ME, metabolism 
Rats 

Receptor, erbB-2: AN, analysis 
Receptor, erbB-2: BI, biosynthesis 
^Receptor, erbB-2: ME, metabolism 
Recombinant Fusion Proteins: AN, analysis 
Recombinant Fusion Proteins: ME, metabolism 
Saccharomyces cerevisiae: GE, genetics 
Saccharomyces cerevisiae: ME, metabolism' 
Sequence Deletion 
Signal Transduction 
^Transcription, Genetic 
CN EC 2.7.1.112 (Protein-Tyrosine Kinase); EC 2.7.11.- (Receptor, erbB-2); 0 
(Fungal Proteins); 0 (GAL4 protein, Saccharomyces); 0 (Plasmids); 0 
(Recombinant Fusion Proteins) 
GEN neu 

L9 ' ANSWER 3 OF 5 BIOSIS COPYRIGHT 2001 BIOSIS 
AN 1999:173234 BIOSIS 
DN PREV199900173234 



Page 6 



TI Eradication of established tumors by a fully human monoclonal 
antibody to the epidermal growth 

factor receptor without concomitant chemotherapy. 
AU Yang, Xiao-Dong (1); Jia, Xiao-Chi; Corvalan, Jose R. F.; Wang, Ping; 

Davis, C. Geoffrey; Jakobovits, Aya 
CS (1) Abgenix, Inc., 7601 Dumbarton Circle, Fremont, CA, 94555 USA 
SO Cancer Research, (March 15, 1999) Vol. 59, No. 6, pp. 1236-1243. 

ISSN: 0008-5472. 
DT Article 
LA English 

AB A fully human IgG2kappa monoclonal antibody (MAb) , E7.6.3, 

specific to the human epidermal growth factor (EOF) receptor (EGFr 
) was generated from human antibody-producing XenoMouse strains 
engineered to be deficient in mouse antibody production and to 
contain the majority of the human antibody gene repertoire on 
megabase-sized fragments from the human heavy and kappa light chain loci. 
The E7.6.3 MAb exhibits high affinity (KD = 5 X 10-11 M) to the 
receptor, blocks completely the binding of both EGF and transforming 
growth factor alpha (TGF-alpha) to various EGFr-expressing human 
carcinoma cell lines, and abolishes EGF-dependent cell activation, 
including EGFr tyrosine phosphorylation, 

increased extracellular acidification rate, and cell proliferation. The 
antibody (0.2 mg i.p. twice a week for 3 weeks) prevents 

completely the formation of human epidermoid carcinoma A431 xenografts in 
athymic mice. More importantly, the administration of E7.6.3 without 
concomitant chemotherapy results in complete eradication of established 
tumors as large as 1.2 cm3 . Tumor eradication of A431 xenografts was 
achieved in nearly all of the mice treated with total E7.6.3 doses as low 
as 3 mg, administered over the course of 3 weeks, and a total dose of 0.6 
mg led to tumor elimination in 65% of the mice. No tumor recurrence was 
observed for more than 8 months after the last antibody 

injection, which further indicated complete tumor cell elimination by the 
antibody. The potency of E7.6.3 in eradicating well-established 
tumors without concomitant chemotherapy indicates its potential as a 
monotherapeutic agent for the treatment of multiple EGFr 
-expressing human solid tumors, including those for which no effective 
chemotherapy is available. Being a fully human antibody, E7.6.3 
is expected to exhibit minimal immunogenicity and a longer half-life as 
compared with mouse or mouse-derivatized MAbs, thus allowing repeated- 
antibody administration, including in immunocompetent patients. 
These results suggest E7.6.3 as a good candidate for assessing the full 
therapeutic potential of anti-EGFr antibody in the 
therapy of multiple patient populations with EGFr-expressing 
solid tumors. 
CC Biochemical Studies - General * 10060 
' Pharmacology - General *22002 ■ 
Neoplasms and Neoplastic Agents - General *24002 
BC Muridae 86375 
IT Major Concepts 

Biochemistry and Molecular Biophysics; Tumor Biology 
IT Diseases 

solid tumor: neoplastic disease 
IT Chemicals & Biochemicals 

human epidermal growth factor 
receptor; transforming growth factor-alpha; E7.6.3: IgG2 kappa 
monoclonal antibody 
IT Alternate Indexing 
Neoplasms (MeSH) 
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IT Methods & Equipment 

chemotherapy: therapeutic method 
IT Miscellaneous Descriptors 

treatment development 
ORGN Super Taxa 

Muridae: Rodentia, Mammalia, Vertebrata, Chordata, Animalia 
ORGN Organism Name 

XenoMouse (Muridae) : animal model 
ORGN Organism Superterms 

Animals; Chordates; Mammals; Nonhuman Mammals; Nonhuman Vertebrates; 

Rodents; Vertebrates 

L9 ANSWER 4 OF 6 CAPLUS COPYRIGHT 2001 ACS 
AN 1999:193266 CAPLUS 
DN 130:350943 

TI Eradication of established tumors by a fully human monoclonal 
antibody to the epidermal growth 

factor receptor without concomitant chemotherapy 
AU Yang, Xiao-Dong; Jia, Xiao-Chi; Corvalan, Jose R. F.; Wang, Ping; Davis, 

C . Geoffrey; Jakobovits, Aya 
CS Abgenix, Inc., Fremont, CA, 94555, USA 
SO Cancer Res. (1999), 59(6), 1236-1243 

CODEN: CNREA8; ISSN: 0008-5472 
PB AACR Subscription Office 
DT Journal 
LA English 

CC 15-3 ( Immunochemistry ) 

AB A fully human IgG2. kappa, monoclonal antibody (MAb) , E7.6.3, 

specific to the human epidermal growth factor (EGF) receptor (EGFr 
) was generated from human antibody-producing XenoMouse strains 
engineered to be deficient in mouse antibody prodn. and to 
contain the majority of the human antibody gene repertoire on 
megabase-sized fragments from the human heavy and .kappa, light chain 
loci. The E7.6.3 MAb exhibits high affinity (KD = 5 . times . 10-11 
M) to 'the receptor, blocks completely the binding of both EGF and 
transforming growth factor .alpha. (TGF- . alpha . ) to various EGFr 
-expressing human carcinoma cell lines, and abolishes EGF-dependent cell 
activation, including EGFr tyrosine 

phosphorylation, increased extracellular acidification rate, and 

cell proliferation. The antibody (0.2 mg i.p. twice a week for 

3 wk) prevents completely the formation of human epidermoid carcinoma 

A431 

xenograft's in athymic mice. More importantly, the administration of 
E7.6.3 without concomitant chemotherapy results in complete eradication 

of 

established tumors as large as 1.2 cm3 . Tumor eradication of A431 

xenografts was achieved in nearly all of the mice treated with total 

E7.6.3 doses as low as 3 mg, administered over the course of 3 wk, and a 

total dose of 0.6 mg led to tumor elimination in 65% of the mice. No 

tumor recurrence was obsd.. for more than 8 mo after the last 

antibody injection, which further indicated complete tumor cell 

elimination by the antibody. The potency of E7.6.3 in 

eradicating well-established tumors without concomitant chemotherapy 

indicates its potential as a monotherapeutic agent for the treatment of 

multiple EGFr-expressing human solid tumors, including those for 

which no effective chemotherapy is available. Being a fully human 

antibody, E7.6.3 is expected to exhibit minimal immunogenicity and 

a longer half-life as compared with mouse' or mouse-derivatized MAbs, thus 
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allowing repeated antibody administration, including in 
immunocompetent patients. These results suggest E7.6.3 as a good 
candidate for assessing the full therapeutic potential of anti- 
EGFr antibody in the therapy of multiple patient 
populations with EGFr-expressing solid tumors. 
ST antitumor monoclonal antibody EGF receptor 
IT Monoclonal immunoglobulins 

RL: BAC (Biological activity or effector, except adverse); BIOL 
(Biological study) 

(IgG2, E7.6.3; antitumor activity of human monoclonal antibody 
to EGF receptor) 
IT Epidermal growth factor receptors 

RL: BPR (Biological process); BIOL (Biological study); PROC (Process) 
(antitumor activity of human monoclonal antibody to) 
IT Receptor phosphorylation 

(by EGF receptor is prevented by human monoclonal antibody) 
IT Antitumor agents 

(human monoclonal antibody to EGF receptor in relation to) 
IT Transforming growth factor .alpha. 

RL: BPR (Biological process); BIOL (Biological study); PROC (Process) 
(human monoclonal antibody to EGF receptor prevents binding 
by) 

IT Breast carcinoma 

(human monoclonal antibody to EGF receptor prevents 

proliferation of) 
IT Cell proliferation 

(human monoclonal antibody to EGF receptor prevents 

proliferation of breast carcinoma cells) 
IT Cell activation 

(human monoclonal antibody to EGF receptor prevents 

receptor-mediated activation of vulvar carcinoma cells) 
IT IgG2 

RL: BAC (Biological activity or effector, except adverse) ; BIOL 
(Biological study) 

(monoclonal, E7.6.3; antitumor activity of human monoclonal 
antibody to EGF receptor) 
IT Female reproductive organ 

(vulva, carcinoma; human monoclonal antibody to EGF receptor 
prevents receptor-mediated activation of) 
IT Reproductive tract diseases 

(vulvar carcinoma; human monoclonal antibody to EGF receptor 
prevents receptor-mediated activation of) 
IT Carcinoma 

(vulvar; human monoclonal antibody to EGF receptor prevents 
receptor-mediated activation of) 
IT 79079-06-4, Epidermal growth factor 
receptor kinase 

RL: BPR (Biological process); BIOL (Biological study); PROC (Process) 
(antitumor activity of human monoclonal antibody to) 
RE.CNT 33 
RE 

(1) Aboud-Pirak, E; J Natl Cancer Inst 1988, V80, P1605 CAPLUS 

(2) Baselga, J; J Natl Cancer Inst 1993, V85, P1327 CAPLUS 

(3) Baselga, J; Pharmacol Ther 1994, V64, P127 CAPLUS 

(4) Bogovski, P; Tumours of Mouse 1994, PI MEDLINE 

(5) Cobleigh, M; Proc Am Soc Clin Oncol 1998, V17, P97 

(6) Debanne, M; Baculovirus Expression Protocols 1995, P349 CAPLUS 

(7) Ennis, B; Mol Endocrinol 1989, V3, P1830 CAPLUS 
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(18) McConnell, H; Science (Washington DC) 1992, V257, P1906 CAPLUS 

(19) Mendelsohn, J; Biologic Therapy of Cancer 1995, P607 
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PRAI US 1989-444406 19891201 

US 1992-978895 19921110 
AB A DNA fragment distinct from the epidermal growth 

factor receptor (EGFR) and erbB-2 genes was 

detected by reduced stringency hybridization of v-erbB to normal genomic 
human DNA. Characterization of the cloned DNA fragment mapped the region 
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of v-erbB homol . to three exons with closest homol . of 64% and 67% to a 
. contiguous region within the tyrosine kinase domains of the EGFR 
and erbB-2 proteins, resp. cDNA cloning revealed a predicted 148 
kd transmembrane polypeptide with structural features identifying 
it as a member of the erbB family, prompting designation of the new gene 
as erbB-3. It was mapped to human chromosome 12 ql 11-13 and was shown 

to 

be expressed as a 6.2 kb transcript in a variety of normal tissues of 
epithelial origin. Markedly elevated erbB-3 mRNA levels were 
demonstrated 

in certain human mammary tumor cell lines. These findings indicate that 
increased erbB-3 expression, as in the case of EGFR and erbB-2, 
plays a role in some human ' malignancies . Using erbB-3 specific 
antibodies (polyclonal or monoclonal), the erbB-3 protein was 
identified as a 180 kDa glycoprotein, gpl80EGFR/erbB-3 . The intrinsic 
catalytic function of gpl80erbB-3 was uncovered by its ability to 
autophosphorylate in vitro. Ligand-dependent signaling of its 
cytoplasmic 

domain was established employing transf ectants which express a chimeric 
EGFR/erbB-3 protein, gpl80EGFR/erbB-3 . EGF induced 
tyrosine phosphorylation of the chimera and promoted 
soft agar colony formation of such transf ectants . These findings, 
combined with the detection of constitutive tyrosine 
phosphorylation of gpl8 0erbB-3 in 4 out of 12 human mammary tumor 
cell lines, implicate the activated erbB-3 product in the pathogenesis of 
some human malignancies. 
ST erbB3 gpl80 malignancy 
IT Cytotoxic agents 

(conjugate with ahti-gpl80EGFR/erbB-3 antibody; isolation and 
characterization of erbB-3/gpl80 gene and gene product and 
antibody and cytotoxic agent conjugate for diagnosis and 
therapy of cancer) 
IT Peptides, biological studies 
Proteins, specific or class 

RL: THU (Therapeutic use); BIOL (Biological study); USES (Uses) 
( gpl8 OEGFR/erbB-3-contg . ; isolation and characterization of 
erbB-3/gpl80 gene and gene product and antibody and cytotoxic 
agent conjugate for diagnosis and therapy of cancer) 
IT Receptors 

RL: PRP (Properties); PUR (Purification or recovery); THU (Therapeutic 

use); BIOL (Biological study); PREP (Preparation); USES (Uses) 

(gpl80EGFR/erbB-3; isolation and characterization of erbB-3/gpl80 gene 
and gene product and antibody and cytotoxic agent conjugate 
for diagnosis and therapy of cancer) 
IT Neoplasm 

Neoplasm inhibitors 

Protein sequences 

(isolation and characterization of erbB-3/gpl80 gene and gene product 
and antibody and cytotoxic agent conjugate for diagnosis and 
therapy of cancer) 
IT Antibodies 

RL: THU (Therapeutic use); BIOL (Biological study); USES (Uses) 

(to gpl80EGFR/erbB-3; isolation and characterization' of erbB-3/gpl80 
gene and gene product and antibody and cytotoxic agent 
conjugate for diagnosis and therapy of cancer) 
IT Gene, animal 

. RL: PRP (Properties); PUR (Purification or recovery); THU (Therapeutic 
use); BIOL (Biological study); PREP (Preparation); USES (Uses) 
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(c-erbB3, protein; isolation and characterization of erbB-3/gpl80 gene 
and gene product and antibody and cytotoxic agent conjugate 
for diagnosis and therapy of cancer) 
IT Deoxyribonucleic acid sequences 

(complementary, isolation and characterization of erbB-3/gpl80 gene 

and 

gene product and antibody and cytotoxic agent conjugate for 
diagnosis and therapy of cancer) 
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(gene c-erbB3, isolation and characterization of erbB-3/gpl80 gene and 
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agent conjugate for diagnosis and therapy of cancer) 
IT 173147-30-3, Receptor (human clone pE3 gene c-erbB3) 
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and antibody and cytotoxic agent conjugate for diagnosis and 
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IT 173147-29-0 

RL: PRP (Properties) 

(nucleotide sequence; isolation and characterization of erbB-3/gpl80 
gene and gene product and antibody and cytotoxic agent 
conjugate for diagnosis and therapy of cancer) 
IT 173073-14-8P 173073-15-9P 173073-16-OP 173073-17-lP 173073-18-2P 
RL: PRP (Properties); PUR (Purification or recovery); THU (Therapeutic 
use); BIOL (Biological study); PREP (Preparation); USES (Uses) 

(polypeptide contg.; isolation and characterization of erbB-3/gpl80 
gene and gene product and antibody and cytotoxic agent 
conjugate for diagnosis and therapy of cancer) 
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AB After the intraportal injection of EGF, the EGF receptor (EGFR) 

is rapidly internalized into hepatic endosomes where it remains largely 
receptor bound (Lai W. H., et al . , 1989).. In the present study, the 
phosphotyrosine content of EGFRs at the cell surface and in 
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endosomes was evaluated in order to assess the consequences of 
internalization. Quant, ests. of specific radioactivity of the 
EGFR in these 2 compartments revealed that tyrosine 
phosphorylation of the EGFR was obsd. at the cell 
surface within 30 s of ligand administration. However, the EGFR 
was also highly phosphorylated in endosomes reaching levels of 
tyrosine phosphorylation higher than those of the cell 

surface receptor at 5 and 15 min after EGF injection. A 55-kDa tyrosine 
phosphorylated polypeptide (pyp55) was obsd. in assocn. with the 
EGFR at the cell surface within 30 s of EGF injection. The 
protein was also found in assocn. with the EGFR in endosomes as 
evidenced by copptn. studies using a monoclonal antibody to the 
EGFR as well as by coelution with the E.GR in gel permeation 
chromatog. . Limited proteolysis of isolated endosomes indicated that the 
tyrosine phosphorylated domains of the EGFR and assocd. pyp55 
were cytosolically oriented while internalized EGF was intraluminal. The 
identification of pyp55 in assocn. with EGFR in both hepatic 
plasma membranes and endosomes may be relevant to EGFR function 
and/or trafficking of the EGFR. 
ST EGF receptor tyrosine, phosphorylation internalization; 
endosome EGF receptor tyrosine phosphorylation; 
membrane EGF receptor tyrosine phosphorylation 
IT ■ Cell membrane 

(EGF receptors of, phosphotyrosine of, of liver, endosome receptors in 
relation to) 
IT Liver, composition 

(EGF receptors of, tyrosine phosphorylation of, 
internalization in relation to) 
IT Phosphorylation, biological 

(of tyrosine, of EGF receptors in liver, internalization in relation 
to) 

IT Organelle 

(endocytic vesicle, EGF receptors of, phosphotyrosine of, of liver, 
cell membrane receptors in relation to) 
IT Receptors 

RL: BIOL (Biological study) 

(epidermal growth factor, tyrosine phosphorylation 
of, of liver, internalization in relation to) 
IT Biological transport 

(internalization, of EGF receptors, in liver, tyrosine 
. phosphorylation in relation to) 
IT Phosphoproteins 

RL: BIOL (Biological study) 

(phosphotyrosine-contg * , 55, 000-mol . -wt . , EGF receptor assocn. with, 

in 

cell membrane and endosome of hepatocyte, receptor tyrosine 
phosphorylation at internalization in relation to) 
IT 62229-50-9D, EGF, receptor complexes 
RL: PROC (Process) 

(internalization of, in liver, tyrosine 
phosphorylation in relation to) 
IT 60-18-4, Tyrosine, biological studies 
RL: BIOL (Biological study) 

(phosphorylation of, of EGF receptor in liver, internalization in 
relation to) 
IT 62229-50-9, EGF 

RL: BIOL (Biological study) 

(receptors for, tyrosine phosphorylation of, in 
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Abstract. After the intraportal injection of EGF, the ^ 
EGF receptor (EGFR) is rapidly interrialized int^ 
patic endosomes where it remains largely receptor 
bound (Lai et al., 1989. / Ce// Kd/. 109:2751-2760). 
In the present study, we evaluated the phosphotyrosine 
content of EGFRs at the cell sur&ce and in endosomes 
in order to assess the consequences of internalization. :' 
Quantitative estimates of specific radioactivity of the 
EGFR in ttese^tyn) cdh^^ tyro- 
sine pho^hoi^iatioh of :Ae EGFR^ ^^ observed at the:; 
cell sur^ce within 30 s of ligand admiiiistra How- ^ 
ever, the EGFR was' also highly phosphoryiated ia en- ^ 
dosomes reaching levels of tyrosine phosphorylation 
significantly higher than those of the cell sur&ce re- h 
ceptor at 5 and 15 min after EGF injection. A 55-kD - 



tyrosine phosphoryiated polypeptide (pyp55) was ob-' 
served in associatiori with the EGFR at tiie CfeU sur-^ 
fece within 30 s of EGF injection. The protein was 
also found iri association with the EGFR ib endosomes 
as evidenced by coprecipitation studies using a mAb to 
the EGFR as well as by coelution with the EGR in gel 
permeation chroniatography. Limited proteolysis- of - : 
isolated endosomes indicated that the tyrosine phos- ^ 
phorylated domaim of thejEGf^-^^^ 
were cytosdiicauy onenred-whii^ 
was intraluminal, llie identification of pyp55 ia aisso- 
ciation with' EGFR in both hepatic plaaiia membranes 
and endosbmesitnay be relevant to EGFR function and/: 
or trafHcking^iaf the^EGFRvi* r . v;^ { r :; ^ ^ 



WE/and o^c;s .have used' siibceUular fractionation 
and associated approaches in an attempt to deline- : 
ate the components of rat liver involvied in insuliii, 
prolactin,! and ..EGF .receptor (EGFR)^ internalization in- 
vivo (Bergeron et al. , 1985; Dunn and Uubbard» 1986; Khan^ 
etal., 1986, 1989; Lai etal., 1989a,6); Fast studies have re-^ 
vealed that after intemalizatidn into endosomes (5-15 min) ' 
the ligand, EGF, remained largely associated with the pe-f 
riphery of endosomes. This was revealed fay EM radibautog-^ 
raphy of the distribution of silver grains ftom [*^EGF: 
within endosomes in situ of the placental syncytiotropho- : 
blast (Lai et al., 1986) and for the distribution of [>^EGF^ 
within isolated rat liver endosomes (Lai et al., 1989^). Di--; 
rect visualization of internalized EGF by protein-A gold EM ^ 
inmiunolabeliiig of endosomes in A431 cells has been dem- ; 
onstrated fay Carpentier et al. (1987) and biochemical studies 
that evaluated the d^ree of ligand recq>tor association after : 
polyediylene glycol precipitation of the complexes from^ 
solubilized endosomes revealed that the majority of internal- 
ized EGF within such components of liver parenchymal cells 
was receptor bound (Lai et al. , 1989*). These studies as well 
as the observati ns that demonstrated enhanced autophos- 
phorylation activity of the EGFR in isolated rat liver endo- 
somes (Kay et al. , 1985; Lai et al. , 1989jr) predicted that the 

1. Abbreviations used in this paper EGFR. EGF receptor; GE, Golgi en--^ 
dosomal; PM« plasma membrane. 



phosphotyrosine content of the EGFR subsequent to inter- 
nalization must 'remain elevated at least during transitrof the 
receptor through th& endpsomal compartment(s). We have 
attempted to test this prediction fay quantitation of the in vivo 
state of tyrosine phosphorylation of the rd:q)tor at the ceU 
sur&ce and afterinternalization into endosomes. L^artdn et 
al. (1986) demonstrated the feasibility of labeling hepatic re- 
ceptors such as the polymeric IgA receptor after whole ani- 
nrnl injection of ^^Pi ^^g hjjyg consequently^ follow^^this 
approach to label die EGFR in vivo, ahdin coiijunction with 
antibodies specific to p}K)sphotyrosine: Have, observed that 
the EGFR is indeed hi^y tyrosine phosph^lated after in- 1 
temalization into endosomes after initial pho^horylatibn at ^ 
the cell sur&ce. Furthermore, we have observed a novel tyro-? 
sine phosphoryiated protein of 55 kD (pypSS) in assodation 
with the EGFR both at the cell sur&ce and after receptor in- 
ternalization into^endosomesrllie orientation of the EGFR 
and pyp55 in' isolated endosomes is such^that their tyrosine 
phosphuryiaieu doiviaius are cytcsolicaliy orienteu. v 



Materials arid Methods • ' 

Materials 

EGF was purchased from Collaborative Research (Waltham, MA) and insu- 
lin was a gift from the Connat^t Laboratories (Ibronto, Ontario). fy-^P]- 
ATP (3J0OO Ci/mmol), p^P)orthophosphate (900 mCi/nunol), and Na['^I] 
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were purchased torn DuA)m Canada (Mississauga, Ontario). Thin layer 
plates (E. Merck; ai mm cellulose, 20 x 20 cm) were obtained from BDH 
(Montreal, Qud>ec). All other chemicals were from Sigma Chemical Co. 
(S;. Louis, MO), Anachemia Canada fna (Lachinc, Quebec), and Boeh- 
ringer Mannheun (Montreal, (^lebec). Sprague-Dawl^ rats were obtained 
from Charles River Ud. (St. Constant. (Ju^). For all e^rimems, rats 
were injected via the hepatic portal vein and sacrificed at various times after 
the injection of saturatiqg doses (Lai et al.. 1999a) of EOF GO pig^OO g bw). 

Antibodies 

The faybridoma secreting anti-EOFR mAb was a gift from Dr. C. E. Chan- 
dler and was subcloned (IgO-lSl, BH-6) by Drs. W. A. Dunn and A. L. 
Hubbard (The Johns Hopkins Univeisity, Baltimore, MD). The antibodies 
were isolated from hybridomas as described by Lai et al. (1989^). Phos- 
phbtyrosine was conjugated to k^hole limpet hemocyanin by using 1-ethyl- 
3-(3-dimettayl amino)-l-n^hthaleae-sulfonic acid and was used to raise an- 
tibodies qgain^ phospho^rosine in rabbits. Antibodies were obtained by 
phosphotyrosine conjugated to Afiigel 15 (Bio Rad, Mississauga, (tatario) 
column chromatography. The specificity of the antibodies was evaluated fay 
inununoprecipitation and inununoblottiiig of the tyrosine phosphorytated 
EGFR. Thus, bmh immunoprectpiution. an^ w^ in- 

hibited fay phosphotyrosine biit not phpsphpserine or phpsphothrepnine (not 
shown). Site^^pecific antibodies against pe^ 1,164^1,176 
RGSTRENAEYLRV) and. against peptidepP> (pDrFLPVPEYlNQS. 
residues ljOS9-lj072) of the EGFR (Etownwaid etal.. 1984) were synthe- 
sized fay Dr. N. Ung (The Salk Instimte, San Diego. CA).' The peptides were 
coupled to keyhotd limpet hemocyanin and polyclonal antibodies were 
raised alter injection into rabbits (Lai et al.. i989<i). 

In Vivo Labeling of Animals, Preparation of Plasma 
Membrane and Endosome.Fractiphsr p^^ 
cfRecepior Ciintent . . - -V-'-^^ ' ' " ^ " ' / 

MalCvSprague-Dawlcyisrats X^^^ of ['?P]or- 

tfaophosphate via the portal ^in^in. EiQFalso i^^ portallvein. 
The liveis were reiiioved at 1 li after fe^injection Of I^^Pl^ 
and honibg^iiied'iihmediately inlcen^ bu&r<a25 M 

sucrose^. .! :niM;MgCh; 5 mM iodoaoetamide, 4 mM NaF, 100 fiM 
Na3V64T lOraiM i9^1)nceibphosphate, 5 mMpi^nitrophetiylpho^ mM 
Na2Mo04. 0.5 mM ATP, 2 mM benzanoidine,' 500 KIU Aprotinin per ml, 
as mM PMSF, 20 mM Tris-HCl, pH 7.5) with the Dounce homogenizer 
(type B) to give a 15% (wtAnol) honu^genaterThe plasma membrane (PM) 
fraction vyas Isolated from the honipgenate basically, as described fay Kay 
et al. 0986) except for the addition of a5 noM ATP, 10 mM /3-glycerophos- 
phate, 5 niM p-nitn>phenylphosphate (final^^ncehtratid^ to the homoge- 
nate and .aU centrifugation^bu&h>^-The^PM fraction was subsequently 
purified fipm the conibined 280-^:and 1,5^ as ide^ribed by Kay 

et ^. (1986) and Lai c^' al. .(l989aK Ttte^^^^ siq>ermtant was lised to 
purify the <mdosdm^ (GE) fractidhs. Tlie'siqjernata^ tal.l M 

sucrose fay adding 2.3 M sucrose in hompgemzation buffer (vide supra). A 
discontinuous gradient of a4 and a95 M sucrose cdntaihiqg the same buffer 
constituoots^s abovecwaus ayerlaid;^bpve,the Ip&d zone.G:l.vpl)..Sut>sequent 
centrifu^tipn (SSjOOp gcv for 150 min,.Beckn^ the 
brake) yielded a GE fraction at the interfeoe oi' the Ol4 and d95 M sUcrose 
l^eis. The fraiction was identical to tha^ disscirifaied fay Kaii^ et al. (1986), Lai 
etal^ 09890,6) and Doheify et al. (1990) as evaluated by EM, SDS-PAGE, 
ligand binding ([^^QEGI^/ and.the.enzyine^activitiffi^ nucleotidase 
-and galactosyl transferase (data- not shcwnX^^^ ^ .^ 

At 0^ (X5, 5, and ,15 min after tfie, pqrUd:«ydn injecU (10 fig/ 

100 g farw), PM and GE fi^ctiohs v^relprepai^ content was 

evaluated. However, the lidgh concentration of inteni^ in GE frac- 

tions prevented the determination of EOFR^ntem from inhibition dose re- 
sponse binding data (Lai.et al.. 'l989^)'.;Consequently 
usipg.site-specifip antibody directed against peptide, PI of .the EGFR* (vide 
siqpra,^fbUowed ^^^^ [1989/3] (see 

Ftg. 3 of this reference]) was used to determine a linear relaitionship fatetween 
densitomciry and receptor content over a rsa^ of 5-100 »^ of subci^llnlar 
fraction protein. The densitometric units derived from inununoblotting 
were normalized for the EGFR content of PM and GE fractions isolated 
from the livers of oontror(noninjected) rats as determined from ['^QEGF 
inhiuiiioa dose response binding data. 

Immunoprecipitation 

PM or GE'firactions were pelleted'fay cehtrifMgatidn at lOuOOO g for ~/0 min 



(PM) or lOOyOOO 8 for 45 min (GE) after a fourfold dilution with the 
homogenization buffer. Tb precipitate the EGFR, membranes were solubi- 
lized with5% IVitonX-lOO^ 2.5% sodium deoxycholate, 10% glycerol, 0.15 
M NaCl, 5 mM iodoacetamide, 5 mM /^nitropheIIylphosphate, 2 mM 
Na3V04, 20 mM NaF, 10 mM /il-giycerophosphate, 50 
phate buffer, pH 7.5, at A^'C for 30 min and diluted 10-fold wiUi ai% BSA, 
Ol15 M NaCl, 5 mM /^nitrophenylpho$phate, 100 mM sodium phosphate 
buffer. pH 6, then centrifiiged at 50y000 g for 30 min. mAb against the 
EGFR (too ^g protein, IgG) was added to the supernatant (from 1 mg pro- 
tein of PM or GE) and incubated for 15 min at 0°C followed fay another 
incubation with Pansorbin for 1 h at 4°C. Tlie immune complex was washed 
five times (5 min, laOOO g) with ai% BSA, ai% Triton X-100, 0.15 M 
NaCl, 2 mM Na}V04, 10 mM /^-glycerophosphate, 100 mM sodium phos- 
phate buffer, pH 7.5. The immune conq)Iex was resuspended in 1.5% SDS, 
5% glycerol, 50 mM THs-HCi. pH 68, 5% jSrmeicaptoethanol, and in- 
cubated for 15 min at 65°C. SDS-PAGE was carried out with a gradient gel 
of 5-15% aciyiamide. Resolved phosphoproteins on the gel were visualized 
fay radioautography using Kodak X-OMAT X-ray fihns with enhancing 
screens. Intensity of the bands was quantified fay densitometry with a Zeineh > 
soft laser scanning densitometer interphased;with an IBM PC using a . 
GS350 Data System (HoffierSciemificJnstrunjents).!- v 

Gell^rmeationChmmat^^ 

Endosonial Proteins 'V ''••jir^V-^} i!^^ . j 

The GE fraction was solubilized as described for immUnoprecipitktion (vide ' 
supra). The solubilized endosomes were filtered through a 0,22-Am filter 
and immediately applied onto a TSK 3000 SW column equilibrated with 
0.15 M NaCI, 0.2% T'.\'een20, 10% glycerol, 0.1 mM sodium vanadate, 10 
mM Tris-HCii pH 7.5. The eluant (0.2. m|/min/tuj)e) ^was fractionated by 
avereed phase HPLC and : ml of S0% ethanoLaoS n-hexamis was added 
immediatelv into each fraction. . . . ' . ' ^ . • / . 

Peptide Mapping ^^^^^^^^ ' " ] ; ■ ■ 

Pfeptide mappingiof (J^nEGFR^md^ 

GE fractions isolated i 15 nun afer injection <2^iEGF^were solubilized with 
1% Triton X;10p; :d5%^d"eoxychol^e.'^ -10/ 10% 
,gl)(cerol for 15 min on^iice^and were incubated. with^^lO U of aUralihc phos;. 
phatase (purified 'fipni Bovine jntestinal^mucosa,^^ Sigma C^ Co.,^ 
Type VU-N) fbr 10 min at^room tempera&re. the sample was iodinated* 
with 1 mCi of Nat'"!] b> using lodo Beads; (Pierce). Free iodine ^was re-^ 
moved by Sephadw G-25 (10 X ;50, mm), » column chromatograplor 
equilibrated lyith ai% BSA, 0.1%: Tritqn.XrlOaV^l^ M 
NaCl, 10 mM Tris-HCl, pH 7;i, The.yoid>fr^ at 
100.000 g for 30 niin after preiijcubation with PansOibin for IS^niin at room 
temperature (in ordef .to ret^pve nonspecific, bind^ pansorbin>.Jhe su-,; 
pemaiant was then incubated with E^ ^t iro^m temr ^ 

perature foilowed'by another incubation with Pans^ 1P ^ ^ room 
temperature. The immune;complex:was recovered i^)bentnfu^^ g \ 
for 5 min) ami washed as described above. Thj? tinpusgcpiiip^ treated,,^ 
under nonreducing conditionsin pnjer to miniim^c^ IgG 
heavy chain with I j5 % SPS; . 5 % , glycerol, ;56;E^,T>is;HCl, ,pH,6.8. .at 1 ; 
eS^C for lO^tmaand resolv^ corresjKmding to . 

the EGFR and p>^55 were excise^, ami tryptie 'pei^^ 
follows: gel pieces v«re washed^with 85 % ac^^ 5% 
acetic acid, 5% water^ followed fay 50 mM yV-ethylmprphQline;then honnog- 
enized in 1 nU:,of 50 mM //-ethylmoiph^^ . 
al . (1987); The g^l <>U!^nsions were incubate^ with 50 ftg of TPCK trypsin 
for 3 h at 37*'C yrith roiatioh foUoWed,by incubakbn:with:anoth|r;50 - 
of TPCK trypsin for 10-12 h at as descnbedfay<^ 0987). 

peptides were then resolved ceUulose p&tK;at 50^^^ ,3tO min ' 
in 30% formic, acid forthe lst dimension; and dbe^secpiui was^. 
chromatographed in n-t>utanoi, acetic acid,' pyridine, HiQ (6:12:40:48) as . 
described in Hg. 4 . The plates were .exposed to. X-n^ I wlc (EGFR) 

or 30 d ,(pyp55) after stairiirtg -with ninhydrin. j ^ J;^; ^ ■ V * . t • • 

Limited Protease Digestion of the EGFR ift Endosomes ' 

GE fractions were isolated 15 nun alter the.injection of JO ^g^OO g faw of 
EGF as described (Lai et ai., 1989a,^) in the presence of the phosphatase 
inhibitors, 2 mM NaF, 100 nM Na3V04. and 5 mM p-nitrophenylphos- 
phate. Fractions (25 /ig membrane protein) were incubated with increasing 
concentrations of trypsin at O^C for 30 min in the presence o.* absence of 
Triton X-100 following which aprotinin at 2.5 times the respective concen- 
uation of trypsii^* was* added. * 'f' " • ' 
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Results 

Subcellular fractionation was employed to separate hqpatic 
PM from endosome fractions of liver homogenates prepared 
at various times after the intrqx>rtal injection of saturating 
doses of EGF (10 ^g/100 g bw; Lai et al. , 1989a). This was 
followed by an assessment of EGF receptor concentration in 
the two fractions by quantitative immunoblotting with site- 
specific antibody to the EGFR as weU as the level of tyrosine 
phosphorylation of the EGFR b^' in vivo labeling with ^^Pi. 

Evaluation of Receptor Concentration inPMand 
Endosome Fractions \ \ 

Rapid loss of receptor from the PM and rapid concentrative 
internalization into endosoines was observed (Ikble .I a as 
described previously, [^i et al. , 1989ai).widi a 4.3-fi)ld de- . 
crease in the concenmition of EGFR in.PM fractions and an 
11-fold increase in. receptor concentration in die endosome 
fraction during' ISvmin after the injection of EGF. 't^,r^ 

Phosphqtyrpsine Content of the J^^ 

We next assessed the in vivo phosphorylation of the EGFR 
after sequential injections of ^^Pi and EGF after which 
specific immunoprecipitation cf the. EGFfR, w'as, done on :. 
solubilized PM and endosome finactibns -isolated firo'm^ 
same liver hpinogenates'(7kbie l j&). Atter.the injection of ^ 
5 mCi of ^^Pi , tne;specinc.rauiuacu vity of hepatic ATP Vr'as 
evaluated by'^e^method of England ^a^ (1976) and<; 

found to be constat at 0i74 Gi/mol fo.r30775 r^ after injecr 
tion. Consequ.entlyr,^30 nun'^er.the^in^^ of :?^Pi,= EQF- 
was injected aid lx>tl| ^M and sGE fractioW yere^isolated;/ 
from liver hpmojgenates of rats killed at Ov 30 s, 5 and IS min ^ 
after injectioni The ^GFR was iimnuhbprecipitated. with^. 
mAb IgG 15176^6 (Lai et al. , 19896) an^subjected to SDS-, 
PAGE. Maximum labeling of the recqp^tori^^^ 
PM was observed at 30 s after the' injection of EGF after 
which labeling dinunishe^ (Fig^^^ 1 >i>; ^However, in endo- 
somes, increasedl^beiing Vras fOiind up to/l^ mm 
injection.' Al^|i%latm^ demph^^ted 
labeling onphpsptoty rosiite resicbes for/the mmunopred . 
itated EGFR in PM as Well as in endoSdm^l'beiisitbinetry^. 
of the X-r^ filins pf immjwpprecipi^^ 
E\GE and alka^^tic^^ 



label in EGFRs remained nearly constant in PM fractions 
(when expressed per mg cell fracti n protein), but increased 
markedly in endosomes (Tkbie 1 6). This ^roach enabled 
an estimation ofthe specific radioactivity ftherecqn r(lk- 
ble I c). Receptor-specific activi^ increased significanUy in 
PM between 0 and 30 s after EGF injection but chaiiged littie 
thereafter. However, the specific radioactivity of the EGFR 
in the GE fracti n did not change for the first 30 s after ligand 
administration despite a twofold increase in receptor concen- 
tration (see Table I, a and c). Subsequendy, receptor specific 
activity increased eightfold between 30 s and 5, min aft^ 
li^nd injection and remained constant to 15 mih . Of note 
the specific radioactivity values of the EGFR in endosomes 
were 2.9- and 2.3-foid higher respectively tium the corre^ 
sponding values for the receptor in PM kt S aind lS mih after 
injection: . - v • 

Qualitatively similar findings were observed %heh experi- 
ments were equated by immunoblotting with iantiphosphp-^^ 
tyrosine antibodies. Immunoblotting^ of ^tbtd /ceU 'fraction 
protein transferred onto nitrocellulose sheets revealed a ma^ 
jor immuhoreactive^ polypeptide at 170 kD Wliose temporal 
inununoreactivity in PM and endosomes was similar to that 
of die 3^P-labeled immunoprecipitated EGFR (see Fig. 1). 
This W3S cnpfinned^Jy inmuiro 
demonstrated umi die maj6riimnunoreactivel>s^d a^^ 
was indeed. the. EG^./I^ig,.:;^ B),.^ - ... . ... . ■ / , 

Identification ofar^EGF^ , .4V , 

OfSSkD .:'^J^y 

■ In the above experiinente,:^^^ 
inununopfecipitated'by%e:£iG 

Because; ^^Plabelingidf -this '{^roteih/persis alk^i' 

. treatment ofthe gels and because it was detected by immui^ 
blotting with phosphotyrosine antibody it is referred to 4s 
pyp55. Indeed, in . both' PM and tehdosrnne.'yftaictions^ t^^ 
pyp55 biand vias thb 'inajor ^antijpho^^ reactive 
band besides tiiat of th0 EGFR^at I70 kD (Fig. 2|.'^Other im- 
munoreactive bands were pb at 47tand\64^^:to 
si). However, thesie jproteins did^'hot'^ 

. consistently with the EG5R (see'Fi 

The immunoprecipitation studies (Figs: 1 and 2) si^^te^ ' 

< an association of pyp55 with the. EGFR which^m 

* by. an alteimtivefajp^^ 



TableLUgarid-mediatedOu^ 







-';V - ^^P phosphotyrosine -.s. . 
■ i'lyj"' i : V units/mg proteinS , ^ , 


\ ■' vSpecific radio 




Time* . 




! : PM 








nun 


' 'i'iii9-±"o;23'^ V v6;3(>,±'bfi^-"!'^' 

'1.02 ±036 0.<ft5± 0.16. * 
0.52 ± 0.13 . :2a3 ±-0.39,r 
0.37 ± 0.07 3.2s X 0.26 










0 

0.5 
5 
15 


• '^3:2 ± i.i 

VI0:0 ± 4.2 
. : 6.6 ± 2.1 
6.2 ± 0.8 


I.O ± 6.6 >o 
3.0 ± 1.0 V-^ * 
78.4 ± 16.5/ . 
123 3 ± 101 ' 


/c:-; ^.6 ± 0.8* ''-X.^ 
^ 10.2 ± 7.1 V 

...12.6 ±4.9 . - : 
16.7 ± 4.2 


•^^3:3 ±'2.5vr! 
t 4.6 ± 2.6 
- 36.8 ± 10.71 
37.6 ± 4.4« 



'Time (min) aft^tteiojectton.of EGF^ r.^, , . . * ' " 

^ Receptor content (flKan [n => '4J.± SO) was caloil^^ - ■ - < ■ v - . . . 

ft^-jqhelnl EGFR was evaluated by den^itonietiy of radicMutograpliis of inuminoprecipiiated EGFR subjected by:SDS-PAGE and alkali-treatmeDt (mean 
rD = 33±SD). . 

H Specific radioactivity., calculated as the ratio of column b/column a. . ■ * !r 

1 Si gniflenntiy different from the qiedfic radioactivity of the EGFR at 5 min in PM (P < 0.05;'Scudent's t test). 
Significantly diffiafenl from' value in PM at 15 min(i><'0^^ ^" - . * . .t^ . -nv. /. v ^ 



Wada et al. Endosomal EGF Receptor Associated ritosphoproiein 



Untreated gel 
PM GE 

Time after EGF q Q 5 5 5 ^5 q Q 5 5 5 ^5 

injection (min) 



EGF 



m 



97K- 
69k^ 



46K- 




3QKt 



'-.4- ,1 



7 



8 



10 



Figure L Inunimoprecipitation ofinyivo^^Ijd^ EGFR.' W and B) EGF was injected; at Q,. 30 s £md,5.nain (experimeht^^^ at S.tind ■ 
15. min (experiment A) iiUp.Ae portal.veia^^ that had previously received 5 mCi of^^RprthophosphateUPM a^^ 
isolated £md subjected ^^b^ GE, 350 /ig protein) fbllowed;^by^:SpS-PAGE!^ All aniitids^^^^ 

60 min after inj«:tion;pf "P pi^^ to X-ray film for.3' dii(J4rianes:7-^70);^bien .tr^ 

re-exposed for 'ip d (B); The ppsitioh pf tfie^ is iiidibated b^^ the arrow. As well, in tHe jnpbilities of the phbsphpprotein designated^ 
pyp55 and that of a band ctf^'moleciilar inassi47'kD' '{caterisk) are noted. ' * • " - ' - ■ - >; ^ ■ f ^ - . 

.• "-r^"^-.;": : /rsv-^-: t'-^':^r'=^''T' Z^-' " - ■ v^* ^ - *' .'.:v ^-r r-* Tt::^'^^^-^:^— -v-- - 



isolated IS min after the injection of EGF; were solubilized 
and the proteins separated by HPLC gel permeatioA chronm- 
tography/Eliiibed fira<ni6hs trainsferred 
to nitFocelliilose sheets, and'prbbed witfi the 
rosine antibody as well as site-specific antibodies to the 
EGFR. Fractions eluting at a mblecidar weight of yi^flOO 
were reactive with both sets of antibbdic;s. T\yo m^^ 
teins were iimnimoreactive with''aiitiph^phdtyiro5ine^^^^ 
bodies; one ata nioiecuiar nmss of 17C jbJD corresponded to 
the EGFRWeVidehced tfy inmunoblottmg with site specific 
antibodies: The other protein which wa^ inmiunor^^ 
with antiphbsphotyrosine antibody hM a^ imass 
identical pypSS. Whereas the EGFR was found between 
fractions 'S-IS, pypSS was restricted^to fractions 8-11 as well 
as in nionomeric fcrnpi ('^'6(M)pp in^ mpleciilar weight [not 
shown]). litis was probably due to dissbciati n c nsequent 
to dilution during chromatpgraphy. However^ the majority of 
the EGFR in endospmes was of higher order structure either 



in association with pypS5 (fractioiis 8-11) or with itself (fifac^ ^ 
tions 12-15, '^'340,000 in molecular weig![it).<:r.V : ^z:"^^^ 

T\vo-dimensioi^ peptide, andysis:^^ carried out on^ ifae , 
EGFR and pyp55< after solubilizktipn, radiotab^ 
Na[»"Il , and immunoprecipitation 'with ; aiiti-EGFR . anti- 
body. No overlapping peptides were found (Figv4) inched 
diat pypSS was a distinct protein. Atteinpcitb^generate ph^^^ 
phcpcptidc mi^s were unsuccessful due to.±e4pw level of ' 
'^P incorporation and the laqV of sensitivity of antiphosphor * 
tyrosine immuhpblqts afterbyptic faydr^ pif the EGFR ' 
and pyp55 (data hot shown and vide infhi; Fig: Sy:'^^ ^^'^ r 

Pyp55vdid not bind iu pioicia.A (data not ishdwn) and 
therefore was not related to the heavy chain of IgG (expected 
molecular mass ^55 kD). Furthermore, pypSS was not im- 
munologically related to w as niAb MA327 (iLipsich ei al. 
1983) to pp60^ (molecular mass 60 kD) did n t inununo- 
precipitate pypSS from solubilized endpsomes. Neither was 
the protein related Jihmunologically t rthe SSrkD Qrrosine.. 
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phosphorylated protein, identified by^Baift al: (1989) ' 
since no i^ctivity was fouild on ii^ 
bodies to this proteinjwitfa dtfaer'immun ' 
EGFR or total endosomlai prot^iiB. FinaUy/ph^^diylaticp ' ^ 
of^pypSS was ,dq>end^ on,^|ECF,^|1ie of 
equival^ ^ear satunitin^ 

led to die endosomal accumidation of insulin reic^ton 
levels similar to those of^die EGFR jshoiyn in l^le L.How^, 
ever, no association of ^pypSS, mdi^^^^^^^ was . 

found after inimunoprecipitetipnxnor 
phoiylated after imidin tutaod^^ 
em blottiag with anti|>hosphot^siije;antib(^ ^^^i -r .4 • 

'4^ J 



Orientation ar^ LpcattzB^oh of the In i 
EGFRinEndos^mes.. 'V.^,..- ^^^■*:.-Vf "S^:'. ^^^J"^;- 

Isolated endosomes were subjd;:ted to limitbd proteolysis to^^ , 
evaluate die orientation bfdid'EGFR aihd pygSS m 
som^. Endosomes isolated IS min after the%jection df 
EGF were treated with ihcreasinig conceintrations of trypsid 
at 0°C followed by immunoblotdng with antiphosphotyrcH 
sine antibody; At Ae* lowest dose of tiypsin . employed (0.4 
figf'ml), immuncrtacdvity (with antiphosphbtyros ^ 
body) of die 170-kD EGFR as well as pypSS vras gready di- 
minished (Fig. S A; quantified in Fig. 5 fi). Similar o\y 
servati ns were found^using> site-specific antibody 'to the 



carboxyl-terminal tail of die EGra (datajrior shio^ 
contrast, [*?5I]EGF intenialized into ttiieVisame^^l^^ 
was insensitive to this limited; protease dSg^tim in^dii^^^i^' ' 
sence but not the presence of detergent (Fig/5 B)cJi^^ 
mentswere attempted.to immunolocaJize directly^ 
photy rosine iantibodies on isolated endosomes by the pro^ihr^ 
A gold tedmique as described by Dbnoii^ et1li.^: 099l). ^ 
;'niese were, however, without^uccess pii^umablydiietdthe^ I 
low signal (vide infra). : vi; ^ ^ : n i ^ ^ •::-.^:{^:,^i^'h^h 



' Discussion 

Our studies and those of others (Dunn an^^^ 
Kay et al., 1986J Lai et al - ;i989a) have dempnstot^^^^ 
after EGF admimstratio^^^^^ EGPK is rabidly intermd^ 
into hepatic endosoines.' We'also found that die 'majoriiy of 
endosomal ligand (EGF) remiains>recqitdr bound even' 15 
min after die injection 6f EGF {IM?etM.^19896)VvIhe f^^^ 
ent study was undertal^n to evaluate the phosphptyrosine 
content of tl:e EGFR in isolated endosomes with comparison 
to what was observed at the ccU sur&ce. ' - ^ ^ - ; \ - 

The radioactivity iii * the '^P-phosphbtyrosine-labeled 
receptor was estimated fay iminunoprecipitating EGFR site 
the intraportal injection of ^^Pi: Accurate determination of 
EGFR concentration indie subcellular ftacti ns was achieved 
by quantitative immunoUotting (see als Lai et al;; 1989^)^ 
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Figure 2. Immunoblot dialysis oj^EGFR'and substrates fcy anti-phbsphotyrosine:antibody/Membrane^fractioris (50 /tg) of PM (lanes 7-^) 
and GE flanes 5-8) were isolated from rats sacrificed at 0. 0.5, 5, and 15 min after the injection of EGE (A) The fractions were stibjected 
to SDS-PAGE and immiinoblotted with antiphosphotyrosine antibody as described in Materials and Methods.' (B) 'Eiid6somes (GE.-50 
Mg protein) wre solubilized and aft^ antibody, the iminunbprecipitate was subjected to SDS^AGE followed by ■ 

inununpblptting with antiph9$photyrosm^^ anbbqdy^>yt lS min after the injection ofEGF additional baiffls at 47iand 6^ 
in addition to the £GI^ and i)yp55. (C) QE and *>M; fea|tiohs -(100 fig protein each) isolated at 6.5 arid 15 min after the injectioh of^EGF''- 
were incubated with 0.1 M.sodito carbo 

and pellete (P) were subjected to SDS-PAGE fbllcwecl by imihiuiobiotting with antiphosphotyrosine antibody. The |»sitiohs <^^ 
to the molecular niasses of the EGFR' and pyp55varenndica^ . ^ * 1 v , -n :: / r^rr^r 



using a sitcsspecific aiilib^ the ' EGFR J^^^pip^^ ' 
losine content per uiuit receptor (i:e.',.si^^ 
was then cdcid^ed 'fibni' the deiis^^ 
inununoprecipitaied EGFR divided'by tHis reo&btof con^nt.f 



pe data tieariy establish that lipp^^^^Pp^ 
pfallsphCHylation^w^fiiutia^ 
foldiinciedse^ifii^c^ 
meinbranes^withiar3Oisec^:aite^0^^ 
Eiidosoiiial ieoqitor sp^ 

than that PM recept^^^^ at^eitfier 5 (> < 'ap5) or; 15 
(P < 0.01) ^ter injection; HbWev 

fold increase in specific activity over thiit at zero time, re-' 
ceptor-specific activity in endosoihes at lS min was only 
slighdy greater (11.4-fold increase) than th^t calculated for 
PM over the sanie time interval (8.4-fold ihcr^).(fliis dis- 
crepancy was due to the high variation in the estimatioh of 



the low receptbf concenfratioh 

EGFR in the GE fraction ajt ^ro to c)) - TTiqu^. 

consistent with the view that' receptor pho^ 
enhanced in endosomes bur:data'jdp nbte^ 
ity that • receptor jphosphory liatibh 6ccurrai''oiily iii .ffieiPKl' 
witii highly phpsphorylated; receptors beihg prefei^fiiudly 
internaiized/On 'the oUier H^d; widiin the^first'36 
EOF injection PM receptor specific activi^ incr^eased five: 
• fold whereas endosomal' receptor specific aictiyi^ rer^^ ' 
similar to the low 'i^ro to despite' a twofold Ihcreis^ 
in receptor coricwtration in endosoines.' Here tii^'^ 
appear to have be^n selective interr^ization of oiily'pbb^ 
phosphqrylated cell surfece EGFRsV Thds die hypothesis of 
seiecuve intemalizaiiuii uppers to be a rather morc ccmpli^ ' 
cated explanation for our data/ ' - N ' • : 
The yield of the PM fraction was M4%' based on tfie 
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yo 44pK 16pK Probe 



EGFR- SIMNI^*** 

aPYAb 

pyp55- • - 



aP3Ab 




:^Fractidiri Numbier 

figu/ie 1 Cbelutibnof pyp55 
tion of EGF (id Mg/iOO g hw) 

with the anti-phosphotyrosine antibody {upper jkaiel) or a acai 
residues 1,164-1,176 (aPl /^^ n.^ A-uv*:.r^ir^ 

position of 7-globulin. On 



Ab) and' Ij05?-U(y72 (aft AbrofMCEGFR; Vo, void volume; 440 K, elution position of ferritin; 160.K; elutipn 
tt the left 4s hidicated A^^ . :. -t . p ; ' " 



receptor content of these fractions comp^^ that bf a totaj^ 

particulate jraction (I^ pt , 1?^^^ 

somes was ~32% (calculatcid.fnini the receptor contenUa 

eiidosomes at .15 min after injection of satiuatii^ 

EGF (Ikble I of the present stody W^Lai^^^^^ 1989a) . a^^ 

compared to. that. of total 'particulate, frac^^ livjsr. 

hbmogenates (I^ et al-v 1989a). EM (^^^ 

dicated^a.iepTesenutivebeU^^factipn^^^^^ 

mains (stnusoidaiV lateraly bile. cajaudicu]ar);of tfa^ hq)atic 

ceUsurfece (Hubbard etd.;^1983;Iidet^d^^^^^ 

was not the case for the eiidosomal fiaction. The endosomal 

components of the GE fraction consisted mainly of tubulp: . 

vesicular profiles with the vesicular components 250;^ 

300 nm in diameter containing iatralUiUiBai lipoprotein-like 

particles (Lai eta!., 19896; D herty et al., 1990). The much 



larger (and denser) muldvesiciilar^ bo^ 
this fraction. Indeed.»'the studies emplo^ihgilimit^ 
ysis oi the GE fraction (Fig. 5) denronist^a^ t^ ^^^y 
sine phosphorylated dptnain ofthetEGFR-.was cyfo 
oriented while inteniaiiz©d [>^EGE S^^ intralii^nal. Ihlo^jicJ 
togethjCF .with past studies showing; that at%is dose^pfmr-*.)^ 
jected iigand and at ISimin after injection,: ['^IJEGFf Avas: ■ 
largely ^receptor bound and, localized tp;d^e.^b^ 
, brariepf endosomes (Lai et al., 19896); we.c^^ 
tie if any of anteriialized-EGF or ty!^^^^ ,v 
EGFR wa: sequestered within intirsduniinal vesicles of mulr ;> 
tivesicular bodies invUie GE fraction. Other inyesligatprs : , 
have clearly demonstrated iiitcnialized/EGER .witfiin sv^^ 
strwctiires (Mckarina et al,, 1979; Hopldris, 1990; McCiine : r 
et al., 1990). It is, however, noteworthy that jCarpientier .et - 
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Figure 4. TWo dimeosioiud pep^^^ GE.'fractions were isolated at IS piin^afteiythe^^^^ 

vThe.fractions were'^^ iodihated with Na['.^I] as described ip.Materials'aiid.Method[s;^ A 
: cipitation Vitfa inAb.to the EGFR^ thd ra^^ 

, gel, jmd digested with^T tryj^sm/ResuIling'peprt^ oritd^a celluloiseplat'e equilibrated withy30% fi^fmic^^^ the.^f^ ^ 

^ I'^' labeled tir^icV^ ^rc reived el&d^^ fonnic acldVtheii?by 

•pyridiiie/HaO (60:12:40:48); stmdd with miA and were exposed lo X-ray aliiVi; In each casc, ihe'brigih^isf^.icm^ 

(o). Nori of Ae ipjybr l'^l] peptides :of^^^^^ to those of pyp55 (B). The^numbers .indicate the locations of the 

^mnhydrih'positive f^DOts which:w of trypsih'ahd used,to?aiign ihe^wb map!*: i.i^A; 1 - 



• al. (1987); haw 

^osbiic surfece of endpsomes^in A431 cells a|ter the , ad- 
; nunistration of EGF. Even sb,^^pteU^ 
iby-^e^r^etjiL 

.hanne undeiestiinated die significance of phosphol^rosine 
/labeling in endosomes. A431^caUs hacve been^^r^^ 



have cat 2 i>^"i^t receptqre^^ 

Knipp et aL/1982; Gamou et al., 1984)"! the much larger Z 
hepatocyte has less than 10? receptors pier cell (Liu et ali.> 
i9S9a). li Was perhaps not surprising therefore 



by EM immunolabeling were unsuccessful (not shbfwn).^ 
In yiyo labelingof the. EGFH was detennined after, immu-: 
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nopiecipitati n wiA a mAb to the EGFR. Coprecipitating 
with the EGFR was an associated phosphotyrosine-labeled 
protein (pypSS) whose tyrosine phosphoiylation was EOF 
dependent. PypSS was also readily seen u unmunoblotting 
PM and ndosome fractions with antiphosphotyrosine anti- 
bodies. It was concluded that the protein was specifically as- 
sociated with the EGFR in endosomes on the basis of its 
copiecipitation as well as by its demonstrated association 
during HPLC gel permeation chroniatography of solubilized 
endosomes. Hie molecular weight of the EGFR:pyp5S com- 
plex was estimated by gel permeation chromatography to be 
M40^0 which would be consistent with 2 mol of the 

. EGFR and 2 mol of pypSS. The phosphoprotein pypSS was 

■ found in association widi the EGFR at initial times of activa- 
tion at the cell sur&ce, i.e., at 30 s as well as at peak times 
of internalization in endosomes (S-IS min). It was not possi- 

' ble to identify by Coomassie blue staining the amount of this 
protein in immunoprecipitates since it was below the limit 

/ of detection. 

From their studies on die regulation of recycling of die Fc 

- receptor, Mellman et al. G984) have proposed that condi- 
tions fevoring Fc receptor oligomerization would lead to 
downregulation while conditions favoring receptor mono- 
mer formation would lead to receptor recycling. Hie studies 

' of Honegger et al. (1987) and Felder et ai. (i990) have sug- 

^ gested that the tyrosine kinase activity of the EGFR in endo- 
some^ may be necessary for downregulation. Since our ex- 

^ perimbntal conditions (EGF dose of 10 /ig/100 g bw) &voied . 

'a downregulation (Lai et al. , 1989a) we suggest that a possible . 
function of pypSS is to regulate the^oligomerization of the 

. EGFR in endosomes in a tyrosine phosphorylation depen- 

: dent manner thereby regulating receptor downregulation. 
Current experiments aimed at purifying pypSS and deter- 

. minii^ its primary structure by cDNA cloning could help 
elucidate the significance, of this EGFR-associated phos- 
phoprotein. 
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